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This project has investigated the feasibility of remotely sensing the 
acidity of clouds bearing "acid precipitation" as well as sensing of the 
abundances and paths of gases which are involved in the formation of acid 
precipitation, using microwave and millimeter-wavelength techniques. A number 
of the atmosphere gases involved in the acidification of liquid clouds exhibit 
significant microwave opacity. Computer modelling of the microwave properties 
of gases such as SO 2 , H2S, COS, N20, 03 , H 2CO, CO, and gaseous HNO 3 has shown 
that each are present in sufficient quantities, at given times and locations, 
so as to present measurable opacity at microwave and millimeter-wavelengths, 
in proportion to their abundance. This project has surveyed both the nature 
of the microwave and millimeter-wave opacity of these constituents, and the 
techniques for measuring such opacity. We have also studied microwave opacity 
exhibited by clouds containing acid. While the magnitude of such absorption 
is largely dependent upon the cloud bulk density and physical temperature, the 
frequency dependence is directly related to the level of acidity in the 
cloud. It is concluded that radiometric remote sensing of the opacity from 
several of the cloud-related gases, and from the clouds themselves, could 
provide important data for use in understanding the acidification phenomenon. 
2 
1. INTRODUCTION 
The problem of acid precipitation in the U.S. (i.e. liquid rain contain-
ing significant quantities of H 2SO4 or HNO3) has grown over the past decade, 
despite reductions in the emission of both SO 2 and NOR in the Northeast U.S., 
the area most affected by acid precipitation. This suggests long range trans-
port of the constituents which form the acids and possible increases in the 
abundance of catalytic agents which help in the oxidation of SO 2 or NOR . 
Current literature on acid precipitation contains descriptions of in-situ  
observations of acid rain, or clouds bearing acid rain, and of laboratory 
studies of acid rain chemistry. It has been suggested by at least one study 
group that what is needed most is a system capable of monitoring the chemistry 
of the air over a wide geographical area, in addition to the chemistry of the 
precipitation [1]. Such a system may be achievable through observation of the 
microwave or millimeter-wave length radio opacity which the gases accompanying 
clouds bearing acid precipitation exhibit. 
Studies conducted by Steffes and Eshleman found both gaseous H 2SO4 and 
SO2 to be playing an important part in contributing to the strong microwave 
absorption measured in the Venus atmosphere [2,3,4]. While these studies have 
been important for study of the troposphere of Venus, they might also be 
applied in analysis of the sources, trajectories, and densities of the gases 
involved in forming acid rain in the earth's troposphere. That is, through 
the use of earth-based or space-based microwave radiometer systems, remote 
measurement and mapping of the gases involved in the formation of acid rain 
clouds may be feasible, based on the radio absorptivity they exhibit, in much 
the same way remote measurements of water vapor abundance have been made with 
spaceborne microwave radiometer experiments [5]. 
3 
2. GASES RELATED TO CLOUD ACIDIFICATION 
A number of the atmospheric constituents involved in cloud acidification 
exhibit significant microwave and millimeter-wave absorption. These gases may 
be placed in three general categories including acid precursors (such as 
sulfur dioxide), catalytic agents which are involved in the chemical conver-
sion of precursor agents to acids (such as ozone), and gases which elute from 
liquid acids (such as HNO 3 or H2SO4 ). 
A. Acid Precursors 
Gases which serve as precursors to sulfuric acids in clouds and exhibit 
significant microwave and/or millimeter-wave opacity include sulfur dioxide 
(S02 ), carbonyl sulfide (COS), and hydrogen sulfide (H 2S). Those which serve 
as precursors to nitric acids include nitrogen dioxide (NO 2) and nitrous oxide 
(N20). Sulfur dioxide is a strong microwave absorber with over 200 rotational 
resonances below 200 GHz. Carbonyl sulfide and hydrogen sulfide are likewise 
strong absorbers, but with a much smaller number of resonances below 200 
GHz. Nitrogen dioxide is a relatively weak microwave absorber, but nitrous 
oxide exhibits relatively large opacity below 200 GHz. 
B. Catalytic Agents 
Several atmospheric constituents have been identified as being closely 
connected with the conversion rate of precursor gases to liquid acids. These 
include ozone (03 ) formaldehyde (H 2C0) and carbon monoxide (CO) [1]. All 
three of these agents exhibit strong absorption at frequencies below 200 GHz. 
4 
C. Acid Vapors 
Two of the strongest gaseous microwave absorbers in nature are gaseous 
sulfuric acid (H2SO4) and gaseous nitric acid (HNO3) [4,6]. Both exhibit 
several hundred rotational resonances below 200 GHz and have strong molecular 
dipole moments [7]. However, the saturation vapor pressure for sulfuric acid 
is so low, for temperatures corresponding to those of the earth's troposphere, 
that absorption from gaseous H2SO4 would be undetectable. However, the abun-
dance of gaseous HNO 3 can be significantly greater, due to a much greater 
vapor pressure. As a result, in regions where precipitation acidity is due 
mainly to nitric acids (such as in the western U.S.), detection of millimeter-
wave opacity from accompanying gaseous HNO 3 is possible. 
3. ABSORPTION SPECTRA OF GASEOUS CONSTITUENTS 
Figures 1 and 2 present computed absorption spectra for several of the 
gaseous constituents described. The molecular abundances used to compute each 
spectrum represent maximum abundances for each constituent in the troposphere, 
which obviously occur at limited times and locations. However, since the 
intensities of the absorption spectra are proportional to molecular abundance, 
the frequency dependences (and hence the "shapes" of the spectra) remain 
constant under the given conditions of pressure and temperature. 
The absorption spectra shown in Figures 1 and 2 have been computed assum-
ing Van Vleck-Weisskopf line shapes under atmospheric conditions of 1 atmos-
phere pressure and 280 K temperature. In Figure 1 we present the spectrum for 
SO2 employing line frequencies and strengths given by Kolbe et al [8]. A 
linewidth parameter of 3.8 MHz Torr -1 was assumed for SO 2 in a nitrogen atmos-
phere. Similarly, the spectra for the four other constituents were computed 
employing line frequency and intensity data from Kolbe et al. [9] and assuming 
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Figure 1. Tropospheric absorption spectra 
for CO, COS, H 2CO, H2S, and S02 . 
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Figure 2. Tropospheric absorption spectra 
for NO2' N20, and 03. 
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linewidth parameters of 4.1 MHz Torr -1 (COS), 4 MHz Torr -1 (H 2S), 7 MHz Torr -1 
 (H2C0), and 3.4 MHz Torr -1 (CO). The spectra presented in Figure 2 employ
line frequency data from the same source except for the 03 spectrum, which was 
computed using line frequency and strength data from Lichtenstein et al. 
[10]. Linewidths used were 2.3 MHz Torr -1  (03), 2.5 MHz Torr -1  (N20) and 4.0 
MHz Torr -1  (NO2). 
4. REMOTE SENSING OF ABUNDANCES OF CLOUD-RELATED GASES 
Inspection of the microwave/millimeter-wave absorption spectra of the 
gases related to clouds containing acid precipitation reveals that even under 
the relatively high pressures characteristic of the lower troposphere, the 
absorption spectra bear significant differences in their frequency depen-
dences. However, because of the generally low magnitude of the absorption 
exhibited by these gases, unambiguous identification of the source of such 
opacity based solely on frequency dependence can be difficult. 
Table I shows the minimum integrated abundance of each of these gases 
which would be detectable under standard tropospheric conditions by a milli-
meter-wave radiometer with a sensitivity of 0.02 K. Also shown are the 
frequencies of observation, and the minimum integrated abundance for which 
unambiguous identification (based on frequency dependence) of a gaseous 
constituent can be made, assuming equal opacity from accompanying consti-
tuents. For example, the minimum integrated density for SO 2 which would be 
detectable by such a radiometer operating at 163 GHz would be approximately 3 
matm-cm, under precipitation-free tropospheric conditions. This would corre-
spond to a sulfur dioxide abundance of about 6 ppb over a vertical path 
through the troposphere. In the presence of other absorbing constituents such 




CONSTITUENT 	FREQUENCY 	MINIMUM 	ABUNDANCE FOR 
(GHZ,) DETECTABLE UNAMBIGUOUS 
ABUNDANCE 	DETECTION 	• 
(MATM-CM,) * (MATM-CM.) ** 
	
CO 	 115 	170 	425 
COS 146 8 40 
H2 C0 	 150 	 5.5 	15 
HNO3 140 0.5 *** 
H2S 	 169 	 8 	80 
NO2 157 810 2400 
N20 	 151 	 90 	600 
03 166 27 120 
SO2 	 163 	 3 	10 
*ASSUMING RADIOMETRIC RECEIVER WITHhIRMS = 0.02K. 
**BASED ON ABILITY TO RESOLVE FREQUENCY DEPENDENCE OF 
ABSORPTION, 
***BECAUSE OF THE LARGE NUMBER OF LINES INVOLVED, THE HNO3 
FREQUENCY DEPENDENCE HAS NOT YET BEEN DERIVED. 
9 
ously identifiable as such (assuming AT 	= .02K), would be approximately 10 
matm-cm, or 20 ppb over a vertical path through the troposphere. Such abun-
dances are relatively large, and, generally occur only over more polluted 
areas. However, horizon-scanning or limb-scanning radiometers can be used to 
detect even lower local abundances, but at the cost of poorer spatial resolu-
tion. Similarly, active techniques might be applied in order to further 
increase sensitivity. 
Inspection of Table I shows that several gaseous constituents which 
either accompany or precede clouds containing acid precipitation exhibit 
sufficient millimeter-wave opacity so that remote sensing of their abundances 
may be accomplished. These gases include COS, H 2CO, gaseous HNO3' H2S , 03, 
and S0 2 ; with CO and N20 being less frequently detectable; and NO 2 being 
almost undetectable. 
5. MICROWAVE OPACITY OF LIQUID CLOUDS CONTAINING ACIDS 
As electromagnetic waves propagate through cloud material, both scatter-
ing and absorption occur. For the case where the wavelength is much larger 
than the diameter of particles within the cloud (i.e., the Rayleigh approxima-
tion is valid) the absorption cross section predominates. For terrestrial 
clouds, this applies for wavelengths greater than, or equal to, about 1 cm. 
The resulting absorption, as derived by Battan [11] is as follows: 




( 1 ) 
where a is absorption in dB/km, M is cloud bulk density in g/m 3 , e' and e" are 
the real and imaginary parts of the dielectric constant of the cloud 
material, A is the wavelength in cm, and p is the droplet density in g/cm 3. 
1 0 
Since both c' and 0 vary both with temperature and the wavelength of the 
impinging wave, it is difficult to infer the bulk density of a cloud from its 
absorptivity unless the exact temperature of the cloud is known, as well as 
the dielectric properties of the cloud constituent. 
An interesting property of terrestrial water clouds is that the frequency 
dependence of their absorptivity is nearly independent of temperature for 
wavelengths greater than 1 cm (see Benoit [12]). However, as contaminants are 
added to the cloud material (especially those which form ionic solutions), 
significant changes in the dielectric properties (and thus the absorption 
coefficient) of the cloud occurs [13]. Figure 3 demonstrates changes in the 
ratio of the 1 cm absorptivity to the 2 cm absorptivity of a water cloud at 
293 K as the sulfuric acid content is increased (pH is decreased). Most note-
worthy is the effect for pH less than 2.5, where the ratio significantly 
increases. Since pH less than 2.5 has been frequently measured in terrestrial 
clouds, such acidity could be measured with passive radiometric sensors 
observing 1 cm and 2 cm wavelength opacity [14]. Additionally, since the 
ratio of the opacity at 1 cm and 2 cm is nearly independent of temperature and 
cloud bulk density, the acidity of the cloud would be the major variable 
affecting that ratio. 
Two significant problems arise when using such a technique for remotely 
sensing the acidity of liquid clouds. The first occurs as the result of other 
ionic contaminants affecting the frequency dependence of the absorption from 
the cloud. Since the relaxation time and density of the contaminating ions 
affect the frequency dependence of the observed opacity, certain ions would be 
expected to be of greater concern. However, because of the large relaxation 
time of the sulfate (SO4 ) ion, its effects would tend to dominate, depending 
on relative abundance. 
11 
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Figure 3. Ratio of 1 cm-wavelength opacity to 2 cm-wavelength opacity of 
a liquid water cloud contaminated with sulfuric acid, as a 









The second problem occurs as a result of accompanying water vapor. 
Because of the strong pressure-broadened rotational resonance centered at 22 
GHz, the ratio of total 1 cm opacity to total 2 cm opacity will be affected by 
water vapor abundance. Thus, a radiometric system designed to infer cloud 
acidity based on the ratio of 1 cm and 2 cm opacity would also require 22 GHz 
channels in order to subtract out effects from water vapor. 
6. SYSTEMS APPROACHES 
Two millimeter-wave spectrometer systems were designed. 	The first 
operates in the 146-150 GHz and 162-166 GHz ranges, and is used to infer 
tropospheric abundances of COS, gaseous HNO 3 , H2CO, H2S, N20, SO2 , and 0 3, all 
of which are gases closely related to the formation of acid precipitation. 
The second system operates in the 15 to 30 GHz range and would be used to 
infer acidity of tropospheric clouds. 
A. 2.0/1.8 mm Spectrometer System 
The selection of the 146-150 GHz and 162-166 GHz ranges for detection of 
the gases related to cloud acidification is motivated by the relatively low 
absorption from other dominant atmospheric gases (such as 0 2 and H2O) in these 
ranges, and by the nature of the frequency dependence of the absorption from 
the gases in these frequency ranges, which makes it possible to resolve the 
abundances of individual constituents. Figure 4 contains absorption spectra 
for carbonyl sulfide (COS), hydrogen sulfide (11 25), nitrous oxide (N20), and 
sulfur dioxide (SO2 ), all of which are precursor gases, in the 146-150 GHz and 
162-166 GHz ranges. Also shown are the absorption spectra for ozone (0 3 ) and 
formaldehyde (H 2CO) (both are catalytic agents). Gaseous mitric acid (HNO 3 ) 
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Figure 4: Tropospheric spectra of six constituents in the 146-150 GHz. 
and 162-166 GHz. ranges. 
acidic clouds. Clouds with high levels of nitric acidity could be expected to 
elute levels of gaseous nitric acid whose millimeter-wave absorptivity would 
be measurable, even though the absolute abundance would be only on the order 
of 1 ppb. This is because of the large number of strong rotational resonances 
exhibited by gaseous HNO 3 below 200 GHz [6]. Figure 5 contains a block dia-
gram of the 2.0/1.8 mm spectrometer. The spectrometer uses a sixteen channel 
Dicke-switched configuration, with 500 MHz bandwidth channels. The tropos-
pheric pressure-broadening of the gaseous spectra (see Figure 1) allows the 
use of wide predetection channel bandwidths without sacrificing resolution. 
Using 20 second post-detection integration, and image-enhancement mode mixers, 
spectrometer sensitivities (ATRms) of 0.06 K are achievable. Better sensiti-
vities would be achievable by using a large number of narrowband downconver-
ters, each optimized for lowest noise figure over specific 500 MHz segments; 
however, the resulting cost increases would be substantial. 
Table II shows minimum integrated abundances of gases related to cloud 
acidification detectable by this system, under standard tropospheric condi-
tions. For example, the minimum detectable abundance of SO 2 would be 
approximately 6 matm-cm. This would correspond to a tropospheric abundance of 
12 ppb over a vertical path. While this is a relatively large SO 2 abundance, 
which would be characteristic of more polluted areas, higher sensitivity could 
be obtained by horizon-scanning of limb-scanning techniques. These sensitivi-
ty figures assume that a reasonably accurate estimate of water vapor abundance 
is available, so that its effect on the observed spectra can be accounted 
for. Such an estimate can be obtained from 1.35 cm or 1.7 mm radiometers, or 
from other instruments. Note that the sensitivity of the instrument to 
gaseous HNO3 is based on an estimated absorptivity, since the complete 
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Figure 5. Block diagram of 2.0/1.8 mm spectrometer system. 
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CONSTITUENT 	 (MAIM- CM)  
COS 	 16 
H2CO 	 11 
HNO3 	 1 
H2S 	 16 
N20 	 180 
03 	 54 
SO2 	 6 
17 
B. Cloud Acidity Sensor 
Figure 6 shows a 5-channel double-sideband spectrometer operating in the 
1-2 cm wavelength range which infers atmospheric opacity at 1 and 2 cm wave-
lengths, as well as inferring water vapor abundance from the observed 1.35 cm, 
atmospheric emission. Once the water vapor abundance has been estimated, its 
contribution to the total opacity at the 1 cm and 2 cm wavelengths can be 
subtracted from the observed opactiy in order to provide an estimate of cloud 
opacity at those wavelengths. The ratio of the opacities can then be used to 
infer cloud acidity. 
The system shown in Figure 6 can be realized with front-end DSB noise 
figures of less than 4 dB. Such a system is capable of detecting average 
sulfuric acidity levels of less than pH 2.8 in a typical terrestrial cloud. 
Such levels of acidity are relatively high, but have been measured in 
terrestrial clouds. (Note that the pH of clouds is generally lower than that 
of the precipitation they produce.) Thus, this system can be expected to 
remotely measure levels of cloud acidity which frequently occur in industrial 
countries, especially over the Northeast United States. It should be noted 
however, that the presence of large quantities of other ionic cloud contami-
nants will reduce the accuracy of such measurements. 
7. CONCLUSIONS 
The pressing need for instrumentation which will allow determination of 
source-receptor relationships between sources of precursor gases and the 
geographical areas receiving the resulting acid precipitation has motivated 
the design of two millimeter-wave systems: the first capable of remote detec-
tion of gases related to the formation of acid precipitation, and the second 
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Figure 6. Block diagram of 5-channel, 1-2 cm spectrometer. 
sensitivities comparable to those of in situ instruments, the range of 
measurement would be satisfactory for determining gaseous abundances and 
acidity levels in the areas most affected. The two systems may be operated 
together or separately, and from land-based, airborne, or spaceborne plat-
forms. 
We feel that the next step in this program should include prototype 
development of one or both of these systems. It is hoped that a successful 
prototype deployment would result in a better understanding of the source-
receptor relationships which underlie the acid precipitation phenomenon, and 
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Abstract  
Two millimeter-wave spectrometer systems are 
presented. The first operates in the 146-150 GHz 
and 162-166 GHz ranges, and is used to infer tropos-
pheric abundances of COS, gaseous HNO3 , H2CO, H2S, 
N20 , SO2' and 03, all of which are gases closely 
related to the formation of acid precipitation. The 
second system operates in the 15 to 30 GHz range and 
would be used to infer acidity of tropospheric 
clouds. 
Introduction  
While the severity of the acid precipitation 
problem, especially in the eastern United States and 
Canada, has become a source of international con-
cern, it is still not possible to directly determine 
source-receptor relationships between specific 
sources of precursor gases (such as 502) and areas 
receiving large quantities of acid precipitation.' 
The difficulty in determining such relationships is 
complicated by the long range transport of consti-
tuents which form the acids, and by variations in 
the abundances of catalytic agents along the path, 
which have been closely connected with the oxidation 
of precursor gases to form acids. 
It has been suggested by Steffes, 2 that remote 
sensing of the abundances of gases related to the 
acidification of liquid clouds in the atmosphere may 
be possible through measurement of their millimeter-
wave opacities. Similarly, the suggestion was made 
that the variations in the frequency dependence of 
microwave absorption from water clouds containing 
small quantities of acid might be used for remote 
sensing of the acidity of such clouds. 2 This paper 
presents two radiometer systems: the first operates 
in the 2.0 and 1.8 mm wavelength ranges and is used 
for remotely sensing the abundances of tropospheric 
gases related to the formation of acid precipita-
tion. The second operates at wavelengths of 2.0, 
1.35, and 1.0 cm, and is used for remotely sensing 
the acidity of liquid clouds. 
Absorption Spectra of Gases Related  
to Acidification  
Of the various tropospheric gases which are 
either precursors to the formation of acids, cata-
lysts to their formation, or vapors from acidic 
clouds, a number exhibit millimeter-wave opacity in 
the 2 min wavelength range. 2 Figure 1 contains ab-
sorption spectra for carbonyl sulfide (COS), 
hydrogen sulfide (H2S), nitrous oxide (N 20), and 
sulfur dioxide (SO2), all of which are precursor 
gases, in the 146-150 GHz and 162-166 GHz ranges. 
Also shown are the absorption spectra for ozone (O s ) 
and formaldehyde (H2CO) (both are catalytic 
agents). Gasous nitric acid (HNO 3 ) is anoth poten-
tial microwave absorbing constituent which is relat-
ed to acidic clouds. Clouds with high levels of 
nitric acidity could be expected to elute levels of 
gaseous nitric acid whose millimeter-wave absorpti-
vity would be measurable, even though the absolute 
abundance would be only on the order of 1 ppb. This 
is because of the large number of strong rotational 
resonances exhibited by gaseous HNO 3 below 200 GHz. 3  
2.0/1.8 mm Spectrometer System  
The selection of the 146-150 GHz and 162-166 
GHz ranges for detection of the gases related to 
cloud acidification is motivated by the relatively 
low absorption from other dominant atmospheric gases 
(such as 02 and H20) in these ranges, and by the 
nature of the frequency dependence of the absorption 
from the gases in these frequency ranges, which 
makes it possible to resolve the abundances of in-
dividual constituents. Figure 2 contains a block 
diagram of the 2.0/1.8 um spectrometer. The spec-
trometer uses a sixteen channel Dicke-switched con-
figuration, with 500 MHz bandwidth channels. The 
tropospheric pressure-broadening of the gaseous 
spectra (see Figure 1) allows the use of wide pre-
detection channel bandwidths without sacrificing 
resolution. Using 20 second post-detection integra-
tion, and image-enhancement mode mixers, spectro-
meter sensitivities (HT...) of 0.06 K are achiev-
able. Better sensitivffles would be achievable by 
using a larger number of narrowband downconverters, 
each optimized for lowest noise figure over specific 
500 MHz segments; however, the resulting cost 
increases would be substantial. 
Table I shows minimum integrated abundances of 
gases related to cloud acidification detectable by 
this system, under standard tropospheric condi-
tions. For example, the minimum detectable abun-
dance of SO2 would be approximately 6 matm-cm. This 
would correspond to a tropospheric abundance of 12 
ppb over a vertical path. While this is a relative-
ly large SO2 abundance, which would be characteris-
tic of more polluted areas, higher sensitivity could 
be obtained by hdrizon-scanning of limb-scanning 
techniques. These sensitivity figures assume that a 
reasonably accurate estimate of water vapor abun-
dance is available, so that its effect on the 
observed spectra can be accounted for. Such an 
estimate can be obtained from 1.35 cm or 1.7 mm 
radiometers, or from other instruments. Note that 
the sensitivity of the instrument to gaseous HNO 3 is 
based on an estimated absorptivity, since the com-
plete tropospheric spectrum of HNO 3 has not yet been 
computed. 
Remote Sensing of Cloud Acidity  
While the microwave absorption exhibited by 
terrestrial clouds is dependent on cloud bulk densi-
ty, droplet sizes, wavelength, and temperature; the 
frequency (or wavelength) dependence of the absorp-
tion has been shown to be nearly independent of 
temperature and cloud bulk density for wavelengths 
greater than 1 cm (the Rayleigh regime). 4 Thus, the 
ratio of 1 cm wavelength opacity from terrestrial 
water clouds to their 2 cm wavelength opacity 
remains nearly constant. However, Steffes has 
pointed out that changes in the dielectric proper-
ties of liquid clouds containing small quantities of 
acidic contaminants result in significant changes in 
this ratio, depending on the acidity of the cloud. 2 
Figure 3 shows a 5-channel double-sideband 
spectrometer operating in the 1-2 cm wavelength 
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cm wavelengths, as well as inferring water vapor 
abundance from the observed 1.35 cm, atmospheric 
emission. Once the water vapor abundance has been 
estimated, its contribution to the total opacity at 
the 1 cm and 2 cm wavelengths can be subtracted from 
the observed opacity in order to provide an estimate 
of cloud opacity at those wavelengths. The ratio of 
the opacities can then be used to infer cloud acidi-
ty. 
The system shown in Figure 3 can be realised 
with front-end DSB noise figures of less than 4 
dB. Such a system is capable of detecting average 
sulfuric acidity levels of lees than pH 2.8 in a 
typical terrestrial cloud. Such levels of acidity 
are relatively high, but have been measured in ter-
restrial clouds. (Note that the pH of clouds is 
generally lower than that of the precipitation they 
produce.) Thus, this system can be expected to 
remotely measure levels of cloud acidity which fre-
quently occur in industrial countries, especially 
over the Northeast United States. It should be 
noted however, that the presence of large quantities 
of other ionic cloud contaminants will reduce the 
accuracy of such measurements. 
Conclusions  
The pressing need for instrumentation which 
will allow determination of source-receptor rela-
tionships between sources of precursor gases and the 
geographical a  receiving the resulting acid 
precipitation has motivated the design of two milli-
meter-wave systems: the first capable of remote 
detection of gases related to the formation of acid 
precipitation, and the second capable of remote 
sensing of cloud acidity. While neither system 
exhibits sensitivities comparable to those of in-
situ instruments, the range of measurement would be 
satisfactory for determining gaseous abundances and 
acidity levels in the areas most affected. The two 
systems may be operated together or separately, and 
from land-based, airborne, or spaceborne 
platforms. It is hoped that a successful prototype 
deployment of these systems will result in a better 
understanding of the source-receptor relationships 
which underlie the acid precipitation phenomenon. 
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Fig. 	Tropospheric spectra of six constituents. 
- Fig. 3: Block diagram of 5-channel, 1-2 cm 
spectrometer. 
